Fate and action of ricin in rat liver in vivo: translocation of endocytosed ricin into cytosol and induction of intrinsic apoptosis by ricin B-chain.
Cytotoxicity of many plant and bacterial toxins requires their endocytosis and retrograde transport from endosomes to the endoplasmic reticulum. Using cell fractionation and immunoblotting procedures, we have assessed the fate and action of the plant toxin ricin in rat liver in vivo, focusing on endosome-associated events and induction of apoptosis. Injected ricin rapidly accumulated in endosomes as an intact A/B heterodimer (5-90 min) and was later (15-90 min) partially translocated to cytosol as A- and B-chains. Unlike cholera and diphtheria toxins, which also undergo endocytosis in liver, neither in cell-free endosomes loaded by ricin in vivo nor upon incubation with endosomal lysates did ricin undergo degradation in vitro. A time-dependent translocation of ricin across the endosomal membrane occurred in cell-free endosomes. Endosome-located thioredoxin reductase-1 was required for translocation as shown by its physical association with ricin chains and effects of its removal and inhibition. Ricin induced in vivo intrinsic apoptosis as judged by increased cytochrome c content, activation of caspase-9 and caspase-3, and enrichment of DNA fragments in cytosol. Furthermore, reduced ricin and ricin B-chain caused cytochrome c release from mitochondria in vivo and in vitro, suggesting that the interaction of ricin B-chain with mitochondria is involved in ricin-induced apoptosis.